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Abstract
The paper reports some geotechnical aspects of the design and construction of the San Pasquale 
Station, intermediate along Line 6 and located close to the sea and at the same time within one of the 
most fascinating district of the city known as Chiaia borough. The station required an excavation 
deeper than 25 m, almost entirely located in pyroclastic sand below the groundwater table. The main 
shaft is 85.5 m long and 24.1 m large, containing also the whole length of the pedestrian platform 
while a single large section tunnel, built before the excavation of the station shaft, accommodates the 
two operating rail tracks. In the paper monitoring data will be presented and discussed. Settlements 
and horizontal displacements represent certainly very significant outcomes among the observed data. 
Their variations along with time and main construction steps are first of all presented in the paper. The 
monitoring data have also been submitted to a process of careful interpretation based on the use of 
numerical analyses to better understand the interaction of deep excavation with urban area. The FEM 
code Plaxis has been adopted for such a purpose adopting advanced constitutive soil models which are 
available in the code library.  
Keywords: Deep excavation, Monitoring, Numerical analyses, Sandy soil, Groundwater control
1 Introduction 
Napoli is one of the largest city of Italy. The density of population is nearly 2,000 inhabitants per 
square kilometre, the highest in Italy and among the highest in Europe. At the end of 90s Napoli has 
become notorious for its horrendous traffic problems with increasing air pollution, unacceptably long 
travel times in rush hours and negative effects on the public health and economy  (Viggiani et al.;   
2011). 
Procedia Engineering
Volume 143, 2016, Pages 1503–1510
Advances in Transportation Geotechnics 3 . The 3rd
International Conference on Transportation Geotechnics
(ICTG 2016)
Selection and peer-review under responsibility of the Scientiﬁc Programme Committee of ICTG 2016
c© The Authors. Published by Elsevier B.V.
1503
In 1997 the Municipality of Napoli approved a new City Transportation Plan, that has led to a 
significant pressure for the construction of new underground train lines, stations and car parks. 
Metropolitana di Napoli, or Napoli Underground, is the metro system serving the city, including at 
present six underground rapid transit railway lines, a commuter rail network and four funicular lines, 
with planned upgrading and expansion works underway. Among the six already operating lines some 
are experiencing a substantial development with new stretches under construction. 
One out of these is the Line 6. When completed according to the current design state Line 6 
(Figure 1) will connect the Western borough of Bagnoli to the city centre at Municipio station, with a 
total length of 8 km and 12 stations. The full line can be broken down into 3 stretches: 
• the stretch between Mostra and Mergellina stations, partially connecting the borough of 
Fuorigrotta to the city centre, is already operating; 
• the stretch between Mergellina and Municipio stations is presently being constructed; 
• the stretch between Mostra and Porta del Parco stations is under design. 
In the following, attention will be focused on the design and the construction problems of San 
Pasquale station of Line 6. 
2 San Pasquale Station 
The station is intermediate along the new stretch of the line under construction and is located in a 
crowded area which is a sort of fashion district (Figure 1).  
The main body of San Pasquale station has a rectangular shape in plan of 85.50 m × 24.10 m and 
the maximum excavation depth is approximately 27 m (26 m underground water table) (Figure 2). The 
longer side of the station is parallel to the longitudinal tunnel axis and the closest buildings are all 
located on the north side keeping approximately a unique alignment which is again parallel to the 
longer side of the station. The main shaft contains the passenger platforms and eliminates the necessity 
of excavating platform tunnels underground. 
The excavation is supported by T-section diaphragm walls made by reinforced concrete and built 
using huge hydromill equipped with a 90° rotating head. Each panel of the diaphragm walls were built 
by intersecting two separate rectangular excavations. The total depth of each panel is about 50 m in 
order to obtain a substantial embedment in the Neapolitan Yellow Tuff formation (NYT). The first 
stretch of the panel was excavated under the protection of Cutter Soil Mixing (L’Amante et al, 2012). 
A fully top-down construction process was chosen for the station in order to avoid the complexity 
of  drilling ground anchors at large depth below groundwater table.  The diaphragms have  been  
executed first, leaving soft eyes with fiberglass reinforcement bars to be drilled by TBM.  The passage  
of  the TBM  was the second main  step while the excavation of the station was executed as the final   
step  and  required the demolition of the tunnel  lining within the station area.  Geotechnical 
investigations were carried out at the design stage in the area occupied by the station which is 
approximately 2000 m2. The site is inserted in an urban area bounded by historical buildings on the 
north side and by the sea with the interposition of a public garden on the South side. The area is  
relatively flat with the ground level located between +2 and +2.30 m a.s.l.. The groundwater table lays 
at +1.30 m a.s.l..  
Geotechnical tests were programmed and executed both in situ and in lab.  Boreholes with 
continuous coring and Standard Penetration Tests were initially carried out as usual. Samples to be 
submitted to laboratory tests were retrieved.  Further site  investigations consisting in CPTs, 
Dilatometers test and Cross Hole tests were subsequently carried out. The plan view of site 
investigations is shown In Figure 3 and the boreholes with the main information retrieved are 
summarized in Table 1.  
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Figure 3: Plan view of site investigations.
Figure 4: Stratigraphy of San Pasquale site.
I.D. Groundwater level 
m. a.s.l. 
Depth 
m 
Sample 
number 
SPT 
number 
CPT Cross-Hole SDMT 
B87 3,4 25 1 5    
S196 2,3 39,5 2 4    
S197 2,3 39,5  5    
S198 2,3 45 1 5    
S199 2,3 45 1 5    
S227  31 1 8    
P3 2,6 35  6 x   
P4 2,6 35  6 x   
P5 2,6 43,5   x   
S1 2,23 44,5  8    
S2 2,06 45  9   x 
SG1 2,27 45  9    
SG2 2,27 49  9    
SG3 2,27 52,5  9    
SG4 2,29 43  8    
SG5 2,03 41  8    
SG6 2,37 45      
SG7 2,29 41,5  8    
SG8 2,01 50  9   x 
SASP1 2,3    x x  
SASP2 2,4    x x  
SASP3 2,2       
SASP4 2,5       
SASP5 2,4       
SASP6 2,3       
Table 1: Boreholes and information retrieved. 
San Pasquale Station of Line 6 in Naples: Measurements and Numerical Analyses Russo et al.
1506
3val
ho
nea
dif
mi
int
gro
inc
the
exc
the
ma
and
P7
Ta
4
geo
Monito
As already m
uable buildin
mogenous and
rby  sea  leve
ficulties arisin
The method 
nimize such e
ermediate slab
und water tab
It is clear th
reasing the al
Table 2 summ
The plan view
 time of the 
avation as m
mselves are 
ximum settle
 12 show th
4 located by t
ble 2.
Numeri
The analysis
metry, the so
ring
entioned in th
gs belonging 
 not altered
l.  Of course
g by the abov
of constructi
ffects. In the 
s as tempora
le inside the m
at the proble
ready critical 
arizes the m
 of the moni
excavation de
easured on 
shown in  Fi
ment occurs a
e horizontal d
he two oppos
cal Anal
 and interpre
il heterogenei
Figure 5
obtain
e introductio
to the downto
NYT layer w
 the  design f
e mentioned 
on and the st
end it was pr
ry supports a
ain shaft (Ru
m is a very 
settlement ind
ain constructi
toring system
pth and of th
the ground b
gures 9 and 1
pproximately
isplacement m
ite sides of th
ysis
tation of the 
ty and the  pr
: Cone resistanc
ed from 5 CPT
n, San Pasqua
wn. It is  exc
ith a rather su
irst  and the 
features. 
ages of execu
eferred the ex
nd the associa
sso et al., 20
complex one
uced by the d
on’s steps. 
 is reported in
e groundwate
enchmarks a
0 respectivel
 in correspon
easured via 
e shaft. Each
problem is h
esence of the 
e qc
.
Figu
obta
le station is v
avated in gran
perficial grou
construction 
tion were re
cavation with
tion of deep 
12). 
 with the set
eformations o
 Figure 7. Fig
r level. The 
long the b
y.  Both   seq
dence of the 
the inclinom
 Figure is rel
ighly comple
groundwater l
re 6: Shear wav
ined in CH test
ery close to s
ular soils sitt
ndwater tabl
later had  to c
vised several 
 top-down te
dewatering w
tlement induc
f the diaphrag
ure 8 shows th
subsidence fo
uildings and 
uence of  da
middle of the
eters inside th
ated to the ste
x due to the 
owered with i
e velocity Vs 
s and SDMT.
ome historica
ing above a r
e governed by
ope  with  sev
times in ord
chnique using
ells to depres
ed by subsid
m walls. 
e evolution a
r each step o
on the build
ta show that
 shaft. Figure
e panels P13
ps summarize
three-dimens
ntensive pum
l and 
ather 
 the 
eral 
er to 
 the 
s the 
ence 
long 
f the 
ings 
  the 
s 11 
 and 
d in 
ional 
ping 
San Pasquale Station of Line 6 in Naples: Measurements and Numerical Analyses Russo et al.
1507
during the main excavation. The main purpose of this study is to obtain the best interpretative 
model that allows to capture the effects induced by the excavation inside and outside the station. 
STEP DATA WORKS 
Depth of excavation (m asl) Dewatering (m asl) other 
1 9/15/08   Diaphram wall 
2 8/27/09 Archeological excavation -4  
3 5/10/10  Dewatering test (-22)  
4 7/11/10 Main excavation -7 -10 TBM and cover slab 
5 3/23/11  Main excavation -9 -12  
6 12/24/11 Main excavation -12 -25  
7 1/21/12 Main excavation  -15 -25  
8 9/12/12 Main excavation -25 -29  
9 9/29/12 Sea side excavation -9 -29  
10 12/27/12  -25 Bottom slab 
11 10/23/13 to 7/24/14 Building side excavation -13 End of pumping 23/10/2013  
Table 2: Main construction’s steps 
Figure 7: Plan view of monitoring system.
Figure 8: Excavation depth and groundwater.
Figure 9: Ground benchmarks data. Figure 10: Building benchmarks data. 
  A FEM model was implemented referring to the transversal cross section of the station shaft.  
Figure 13 shows the cross sections adopted for the 2D parametric analyses. The geometry of the full 
box used for the fem calculation is such (250 m x 90 m)  to minimize the edge effects. The subsoil 
layered model consists of 4 layers: the layers labelled A, B, C and D correspond to those already  
Ecxavation level of main shaft
Excavation level of sea side shaft
Excavation level of builing side shaft
Maximum water level inside the main shaft
Minimum water level inside the main shaft
-36
-34
-32
-30
-28
-26
-24
-22
-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0
2
4
Groundwater level
Fase 1  2 3  4 5 7 8 9 10 116
08 08 09 09 09 09 09 09 10 10 10 10 10 10 11 11 11 11 11 11 12 12 12 12 12 12 13 13 13 13 13 13 14 14 14 14
Se
pt
N
ov Ju
an
M
ar
M
ay
Ju
ly
Ex
ca
va
tio
n
 
le
ve
l (m
 
a
sl)
W
at
e
r 
le
ve
l i
n
si
de
 th
e 
m
ai
n 
sh
af
t (m
 
as
l)
Se
pt
N
ov Ju
an
M
ar
M
ay
Ju
ly
Se
pt
N
ov Ju
an
M
ar
M
ay
Ju
ly
Se
pt
N
ov Ju
an
M
ar
M
ay
Ju
ly
Se
pt
N
ov Ju
an
M
ar
M
ay
Ju
ly
Se
pt
N
ov Ju
an
M
ar
M
ay
Ju
ly
-30
-28
-26
-24
-22
-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0
2
4
MAIN SHAFT
C
S 
16
C
S 
15
C
S 
14
C
S 
13
C
S 
12
C
S 
08
C
S 
07
C
S 
06
C
S 
05
C
S 
04
C
S 
03
C
S 
02
C
S 
01
C
S 
11
6,5 26,8 56,6 67,3 78,6 85,3 91,5 102,5 112,4 120,220,2 37,9 49,7
564 12 16 24 28 32 36 44 48 60 68 72 76 808 40 52 64 8884 92 96 108104 116 120100 11220
0
124
civ. 202 civ. 1 civ. 207 civ. 215via
Bausan
Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9
Step 10
Step 11
G
ro
u
n
d 
be
nc
hm
an
rk
 
di
sp
la
ce
m
e
n
t (m
m
)
Distance (m)
-30
-28
-26
-24
-22
-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0
2
4
S
T
L
 1
8
S
T
L
 1
9
564 12 16 24 28 32 36 44 48 60 68 72 76 80
19,7 33,4 40 51,1 62,9 69,8 80,5 91,8 98,6104,75
8 20 40 52 64 8884 92 96 108104 116 120100 112
13,2
124 128 132 136 140 144 148 152 156 160 164
115,75 125,65133,45 144,75
146,45
163,15
S
T
L
 1
7
S
T
L
 1
6
S
T
L
 1
5
S
T
L
 1
4
S
T
L
 1
1
S
T
L
 1
0
S
T
L
 9
S
T
L
 8
S
T
L
 7
S
T
L
 6
S
T
L
 5
S
T
L
 4
S
T
L
 3
S
T
L
 2
S
T
L
 1
S
T
L
 2
0
MAIN SHAFT
civ. 202 civ. 1 civ. 207 civ. 215viaBausan civ. 1
Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9
Step 10
Step 11B
u
ild
in
g 
be
nc
hm
an
rk
 
di
sp
la
ce
m
en
t (m
m
)
Distance (m)
San Pasquale Station of Line 6 in Naples: Measurements and Numerical Analyses Russo et al.
1508
ide
the
par
(E5
un
ave
mo
cal
seq
dew
sha
pan
com
dia
the
dif
ma
11
sho
10
ntified in the 
 Hardening S
ameters were
0) was assum
loading/reload
rage value o
del was used
culation  cons
uence.  In thi
atering test 
ft (step 11) ar
els P13 (sea 
parison of th
phragm  wall
 base. The ag
ference betw
ximum value
. This value c
ws a better s
%. 
LAYE
A
B
C
T
simplified str
oil constitutiv
 estimated on
ed to be 3 ti
ing stiffness
f  qc. For th
 (Russo et al
ists   of  24 st
s paper, for o
(step 3) and a
e described. I
side) and P74
e  results  wi
s is greatly  in
reement is rat
een maximum
 of the calcul
ompared with
atisfactory ag
Figure 1
R SOILMODE
HS
HS
MC
MC
atigraphy of F
e model was 
 the base of th
mes the valu
Eur was assu
e underlying 
., 2015a, b).
eps in order t
bvious reason
t the closure 
n particular o
 (building sid
th the monit
fluenced by t
her satisfacto
 calculated 
ated settlemen
 the 24 mm 
reement. In 
1: Inclinomete
 
L
Ȗ
[kN/m3] 
C
[kPa
18 0
16 0
16 200
17 580
Table
Figure 13
igure 4. As re
attributed to t
e CPT shown
e of the aver
med twice th
layers the lin
 In Table 3
o reproduce a
s of concisene
of the dewate
nly the horizo
e) are repres
oring data co
he depth of t
ry and of cour
and measured
t close to the
recorded by t
terms of diffe
r P13. Fig
]
ĳ’
[°] 
k[m/s] 
36 6.9x10-7
36 1.46x10-
7
 27 4.15x10-
5
27 3x10-5
 3: Soil parame
: Zoom view o
gards to the m
he upper laye
 in Figure 5. I
age cone resi
e module E5
ear elastic p
 the  main so
s realistically 
ss, only the r
ring and the 
ntal displacem
ented in Figu
nfirms  that t
he bedrock w
se it is at leas
 horizontal s
 excavation s
he optical sur
rence the per
ure 12: Inclin
nur E50ref[MPa]
0,3 39 
0,3 40 
0,3 - 
0.3 -
ters adopted.
f the Mesh . 
echanical beh
rs of the loose
n particular th
stance qc with
0, that is equ
erfectly plast
il properties 
as possible th
esults obtaine
subsequent se
ent measured
res 14 and 15
he deformatio
hich acts as a
t for engineer
ettlement is 
haft is 22mm
vey on the gr
centage of th
ometer P74
Eoed[MPa] Eur
39 
40 
- 
-
avior of the s
 soils and rig
e secant stiff
in the layer.
al to 6 times
ic Mohr-Coul
are reported.
e true constru
d at the end o
aling of the m
 and calculat
 respectively.
n behavior  o
 rigid constrai
ing purposes.
about 20%.  
 at the end of
ound benchm
e disagreeme
[MPa] E[MPa] 
78 - 
80 - 
- 2400 
- 6700
oils, 
idity 
ness. 
 The 
 the 
omb 
 The 
ction 
f the
ain 
ed in  
 The 
f the 
nt to 
 The 
The 
 step 
arks 
nt is 
San Pasquale Station of Line 6 in Naples: Measurements and Numerical Analyses Russo et al.
1509
F
me
5
net
are
Pa
of 
ho
bet
of 
com
sat
R
del
97
ins
of 
his
tun
Te
Ne
Int
for
igure 14: Hori
asured respecti
the end of 
Conclu
  Huge exca
work. Some 
 closely surro
squale Station
execution. Th
rizontal move
ween maximu
the calculated
pared with t
isfactory agre
eference
Autuori S
la stazione 
88890642135
L’Amant
tallation of di
Mormone
S. Pasquale s
toric sites, ISB
Russo G.
nel in sandy
chnology 50, 
Russo G
apolitan sub
ernational Wo
Russo G.
 Lines 1 and 6
zontal displacem
vely by inclino
dewatering test
sion
vations are g
of these excav
unded by im
described ca
e calculation
ments of the 
m calculated
 settlement c
he 24 mm re
ement. In term
s
., Russo G., N
San Pasqua
. 
e D., Flora 
a-phragm pan
 L., Falconio
tation in Nap
N 978-138-0
, Corbo A., C
 soil. Meas
pp.226-238. 
., Autuori S.
soil: The exp
rkshop on Vo
, Viggiani C.,
 of the Naple
ent calculated
meter P13 and 
 for the step 3.
oing on in th
ations presen
portant buildi
ptures satisfac
 provides the
diaphragm w
 and measure
lose to the ex
corded by the
s of differenc
icotera M. V
le, Incontro 
A., Russo G
els. Acta Geo
 G., Mandolin
les. Geotechn
0055-1. 
avuoto F., A
urements and
, Cavuoto F
erience of 
lcanic Rocks
 Viggiani G.M
s Undergroun
 and 
P74 at 
Figu
measu
the en
e city of Nap
t among  the 
ngs. The num
torily the beh
 results in ter
alls slightly s
d horizontal s
cavation shaf
 optical surve
e the percent
. (2013), Stud
Annuale R
., Viggiani 
technica, 7:2
i A. (2013). 
ical En-ginee
utuori S. (201
 back analy
., Corbo A., 
the Toledo s
 and Soils, pp
.B. (2012). G
d. Geo-mecha
re 15: Horizon
red respective
d of the excava
oli to build 
other geotech
erical analys
avior of the e
ms of subsid
maller than th
ettlement is a
t is 22mm at
y on the grou
age of the disa
io preliminare
icerca-tori di
C. (2012). D
03-218. 
Groundwater 
ring for the p
5). Artificial 
sis. Tunnelli
Manassero V
tation servic
193-194. 
eotechnical 
nics and Tun
tal displaceme
ly by inclinome
tion and pump
a new line o
nical difficult
is of the exca
xcavation pro
ence of the g
ose measured
bout 20%. Th
 the end of st
nd benchmar
greement is 1
 degli effetti 
 Geotecnica
isplacements
management 
reservation o
Ground Free
ng and Un
. (2015). E
e tunnel. Pr
design and co
nelling 5, No.
nt calculated an
ter P13 and P7
ing  for the step
f the undergr
ies in area  w
vation of the
cess for all ph
round surface
. . The differ
e maximum v
ep 11. This v
ks shows a b
0%. 
indotti dallo s
, Perugia, I
 induced by
during excava
f monuments
zing to excava
derground S
xcavations in
oceedings of
nstruction ius
 3. Berlin.
d 
4 at 
11.
ound 
hich 
 San 
ases 
 and 
ence 
alue 
alue 
etter 
cavo 
SBN 
 the 
tion 
 and 
te a 
pace 
 the 
 the 
sues 
San Pasquale Station of Line 6 in Naples: Measurements and Numerical Analyses Russo et al.
1510
